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EXECUTIVE ' S U M X ? Y  

\- 

Mixed hazardous wastes with low level radioactivity presently 
stored at weapon sites in ponds and drums etc. can employ 
technologies funded by the Department of Energy, Office of 
Industrial Programs under contract DE-AC07-79CS40290 to dewater, 
reuse and concentrate industrial waste water in an energy effective 
way. Copies of the final report DE-86007851 are available from DOE 
Technical Information Center, O a k  Ridge, TN. One of the heat pump 
designs developed under this contract is depicted in Figure 1. 
LICON has since expanded this effort with the application of the 
MEMs (Multiple Effect Multi- Stage) distillation system, Figure 2, 
to further concentrate the waste and attain'the mandate for waste 
pinimization. 

The recent energy crisis has added impetus to also minimize 
enerw consumDtion. A total energy system depicted in Figure 3 

can employ domestic natural gas to fuel internal combustion engines 
and furnish electric power to Figure 1. The heat that is normally 
wasted in power generation to the engine jackets and exhaust can 
be employed to operate the MEMS cycle depicted in Figure 2. All 
of the components of the total energy system are in active use with 
proven track records. Their combination can reduce both energy and 

Capital cost of heretofore custom designed distillation plants by 
at least 50%. 

In modular design, these LICON's (TLIquid CONcentrators) not 
Only save energy, their self sufficiency allows .for trailer 
mounting for emergency deployment. They can furnish power to, and 
concentrate blow-down from, membrane processes such as reverse 
Osmosis and electrodialysis or from ion exchange. Their production 
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.of high purity distillate, less than 75 ppm for reuse and their 
ability to concentrate liquid waste in excess of 500,000 ppm and 
in maby cases recover precipitated salts provides an economical 
method of waste enimization, Further use can be made of the waste 
heat to dyy the concentrated sludge to a powder. 

The attached report covers the investigation of simulated 
Rocky Flats pond waters and established criteria to substantiate 
the quality of distillate and degree of concentration cited above. 
Evaluation of the test results would indicate that 10,000 ppm f eed  
(pond average) could be reduced to 1/50th of the present volume and 
produce an excellent quality of distillate averaging less than 75 
microsiemens and under more steady state conditions there were 
indications of being able to achieve less than 20 microsiemens with 
alkalinity control. Run off water averaging less than 5,000 ppm 
could be reduced by 1/100th. NO data was taken to evaluate the 
effect of radioactivity. 
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TRANSVAP 750 - AQUAVAP VCSOO HEAT BALANCE 
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TRANSVAP 750 HUT BALANCE PROPOSED FOR ROCKY RATS 
30-70. 'IDTAL ENERcl m vs CQEMMlONAL UntmES 

TWO ENGINES POWERING THREE - LICONS 

E -  
-. USSR- 

woo - 9 0  Kw (COUP) uars - 20 
AUxnLWEs 

-&x 3 
-300 mr 



i 

c 

L 

rc 

c 
t S 

F 

I I 

1 

* I  
I 
I 
I 
I 
I 
I 
I 
I 

e 

l i  

55 I 



'JEST SUMMARY USING SIMULATED ROCXY FLATS POND WATER 
(c 

E G & G prepared a test agenda outline in the Appendix 'A' as 
'LICON . EVAPORATOR TEST REQUIREMENTS . Anticipating problems in 
achieving the degree of concentration required, LICON prepared a 
Supplement Appendix 'B8 including a P & I diagram dated 10 
September 1990 (Fig. No. '5). 

T e s t  No. 1, SeDtember 13 1990 

. Pond A water was tested in accordance with above as detailed 
in the report in the Appendix IC'. In essence, this test revealed 
how complex these pre-trial tests were going to be if we wanted to 
attain some indication of the concentration ratios to be expected 

the field. The chloride readings made us suspicious of the 
chemical analysis done by the local testing. laboratory, Analytic 
Technologies (l), so we had Rob Farrell of ChemTreat do some 
testing w i t h  his HACH KIT ( 2) . See Table No. 1 c 

Except for the Chloride differences in the Feed and the 
Concentrate there was some good correlation in the distillate 
analysis. If Analytic's TDS is correct and Farrell's conductivity 
iS correct then the factor to convert from MS to TDS is 0.825 which 

turn does not seem to apply to the distillate which is 2.93. 
In any event the distillate is good but the concentration ratio is 
l o w ,  and will require further modification of the test procedure. 
The chemical results are averages for the entire run in accordance 
W i t h  E G & G test requirements. The final concentration was 
actually closer to 10 to 1 - still not good enough. Listed in the 

attached detailed report Appendix 'c' are the modifications we made 
to attain higher 'concentration ratios including sampling pots to 
more closely track the distillate quality. 

- -  - 
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Revision 1 

TEST NO. 1, JOB 901 - ROCXY PLATS SYNTHETIC POND A WATZR 

Summa- of T e s t  Results and Conclusions 

Initial test required the following list of chemicals mixed in a 
1400 gallon tank 'full of Pensacola city water during the evening 
of 12 September 1990, under the direction of engineers from Rocky 
Flats. 

Calcium Nitrate 

Sodium bicarbonate 

Potassium Chloride 

CCa(N03 12 3 H20I 

(Na H C 0 3 )  

(KCI) , 

lb/1000 Gal. lb/1400 Gal. Grams added 

2.5 3.5 1587 . 6 
0.42 

4.1 

0.1 

4.2 

6.75 

0.6 272 
, -. . 

5.75. 2608 

0.14 

5.9 

9.5 

# 

63.5  

2676 

4309 

500 Sodium Hydroxide 
(Na OH) 

pH = 9.3 

This initial test was started at 0700 on 13 September 1990. Both 
the VC 90 and the MEMS 204 were filled to operating levels 
requiring 400 gallons of the above solution. Start-up was somewhat 
erratic because the maximum amount of feed pttainable was only 3 
GPM even with the feed solenoids bypassed. When the VC came on 
line it was making in excess of 100 GPH and there was not enough 
blowdown to satisfy the demand of the MEMS unit which was also 
having problems with interrupted steam supply due t o  a faulty fire- 
eye. The VC 90 capacity was cut back slightly by lower the suction 
temperature adjustment to the compressor; also the MEMS top 
temperature was reduced and thus combined capacity was lowered from 
200 GPH t o  the target  capacity of 150 GPH (1/5th Rocky Flats  size) 

. 
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1. 

2. 

3 .  

4.  

The operators got used to compensating for.the low feed rates and 
the run was successfully completed. By shutting down the VC and 
using its residue to feed the KEMS and then shutting down the MEMS 
when it reached critical l o w  levels f o r  adequate circulation, the 
residue was reduced from 400 gallons to less than 200. We then 
made some piping changes and rigged to pump out the top two stages 
to the third stage. The t o p  two stages were rigged to operate-on 
City water at 1400 hr. This procedure enabled us to dewater the 
1400 gallons down to 104 gallons. Samples of the final residue * 

were collected for chemical analysis. This initial test indicated 
the desirability of making the following changes to achieve greater 
concentration ratios and to acquire better distillate quality. 

Since we were only able to acquire about 14 to 1 concentration 
ratio, the Rocky Flats engineers provided the following higher 
weight listing of chemicals for our next test. 

lb/1000 aal. lb/1400 gal. 

Calcium Nitrate 2.5 3.5 

Potassium Chloride 20.0 
Sodium bicarbonate 5.0 7.0 

28.0 
Sodium Carbonate 7.5 10.5 
Sodium Nitrate 38.0 53.2 
Magnesium Sulfate . 30.0 42.0 

- -  

, pH = 7.5 

The VC distillate was not as good as the MEMS distillate so 
we. decided to try a single, denser mesh to replace our 
standard two stage lower density mesh. This change had been 
effective at Blue Bird Body where there are 2-VC 600's in 
operation on alkaline waste water. 

Sampling pots similar to those used on the test of the VC 300 
for Three Mile Island were added to the eductor suction of the 
VC 90 and to the fourth stage eductor suction of the MEMS 204. 
These were added to assure that there was no downstream 
contamination from regenerative heaters or pump seals. Any 
leakage at these sources however would be in the other 
direction since the distillate pressure is normally higher 
than the concentrate. Because of step 4 however we thought 
this.would be a good idea and sampling under vacuum might 
provide a clue as to any gaseous carry-over. 

A higher pressure feed. pump was added to alleviate the 
problems associated with low feed rates. 
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5. The start-up procedure was changed. Only the VC 90 would be 
f i l l e d  from the feed tank and then run at full capacity  
blowing as much of its  resultant  concentrate t o  the MEMS u n t i l  
the MEMS was f u l l  of VC concentrate, Only then would the MEMS 
be s t a r t e d  and thus would b e  operating on higher density  feed 
s t o c k ,  This a l s o  would allow easier start-up s i n c e  the MEMS 
would not be robbing heat from the VC while steady state 
conditions were being achieved. 

cc: L. Eng - Rocky Flats  
C. Hughes - .Licon 
R. Williamson - Licon 

NOTE: This r e v i s i o n  1 c o r r e c t s  errors on page 2 of FAX 
sent t o  Mr. Eng 9.17.90 



LOG SEUXT ON ROCKY P U T S  POND WATER TESTS ! 
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LOG SHEET FOR WATER SAMPLES 
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TEST NO. 2 ,  SeDtenber 14 snd IS 1990 

(I. 

Summarizing the attached detailed test report, Appendix 'D'; 
it turned out that a very fortunate error was made in mixins the - 
chemicals, The calcium and sodium amounts got switched and we 
actually handled fifteen times the amount of calcium that had been 
estimated for the ponds. Since the calcium has much lower 
solubility than sodium, this error furnished some very valuable - 
information during the test, 

We first noticed that the distillate water purity was to say 
the least, unacceptable and the rate of scaling on the heat 
transfer surfaces was alarming. We found that acid would remove 
the scale and the evolution of co2 indicated CaCo3 scale, common 
in sea water evaporators and easily controlled by acid injection. 

It was decided to continue the test on the remainincr water - 
using acid injection, as is done in sea water distillation. Again, 
fortunately the only acid we had in enough quantity was EDTA (EIAMP- 
ENE ACID) or ethylenediaminetetraacetic acid. This acid was added 
at a rate of eight pounds per thousand gallons with the following 
unexpected results (serendipity). 

1. The milky solution in all tanks became crystal clear 

2. The VC distillate conductance fell rapidly from 350 MS 
(microsiemens) on the previous run without the acid, down to 

~ less than 10 Ms. - 

3 .  The alkaline scale that had been deposited on the VC heat 
transfer surf aces was , as expected, being rapidly dissolved 
by the acidic conditions. 

10 
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phenomena 
Farrell of ChemTreat sa id he had observed similar 
as observat ion No; 2 i n  h i s  feed treatment of b o i l e r s .  

When the a l k a l i n i t y  is reduced, h& had noticed an improvement i n  
steam q u a l i t y  b u t  n o t  t o  the remarkable degree observed here. 

TEST NO. 3, Seutember 2 4 ,  25 and 26 1990 
See Appendix ‘E’ f o r  Log Sheets 

I n  order  t o  a t t a i n  a high enough concentration r a t i o  it was 
decided t o  employ both storage tanks f o r  a t o t a l  of 2800 gal lons  
and evaporate this quantity down a s , l o w  as poss ib le  from mixture 
of the fo l lowing  chemicals p e r  1400 gallons:  

C a l c i u m  N i t r a t e  . 3.5 lb 
Sodium bicarbonate  7.0 l b  
Potassium Chloride 28.0 lb 
Sodium Carbonate 10.5 lb 
Sodium N i t r a t e  53.2 Ib 
Magnesium Sulphate 42.0 lb 

144.2 l b  

I n i t i a l  t e s t i n g  started 24 September 1990 a t  1000 hr. with 
above s o l u t i o n  having a resul tant  pH of 9.7. Scale started t o  form 
on the VC heat ing  bundle so we added 0 . 5 Ib. EDTA t o  VC concentrate 
tank a t  1200 h r .  bringing pH down t o  6.5 and bundle started t o  
c l e a n  - pH was back t o  8.5 a t  1230 so w e  added another 0.5 Ib. and 

brought pH back t o  6 . 5. This demonstrated feasibility o f  cleaning 
while operat ing.  Notice that d e l t a  T o f  compressor fell from 1 7 ’  

t o  15’ (T6-TS) after  ac id i f i ca t ion  and resul tant  cleaning.  We shut 
down a t  1 3 1 0  awaiting arrival of E G & G engineers. 

With E G t G engineers present w e  restarted the next day, the 
25th a t  1430 af ter  adding 5 lb. o f  EDTA to 650 g a l l o n s  remaining 
i n  tank No. 1 making a t o t a l  o f  6 lb. added t o  the o r i g i n a l  1 4 0 0  

g a l l o n s  and ran u n t i l  1830, when supply from tank 1 was exhausted. 

(,. 



Restarted the next day, the 2 6 t h  at 1000 hr. after adding 9 

m*- EDTA to 1400 gallons in tank 2, 'bringing the pH down from 9-7 
to 8.1 but feed averaged 8.6 and gradually rose to 9-0 indicating 
poor mixing or a reaction in the tank. Operation continued until 

when the entire 1400 gallons was processed and the VC 2045 hr. 
could no longer operate because of low level in the VC concentrate 
tank- One of the readings that had plague us was the fact that the 
combined distillate readings were always higher than the individual 
readings from both the Vc and the MEMS - we finally discovered at 
1400 hr. that a drain line from the VC concentrate tank had a 
minute leak into the combined distillate line which we fixed a d  

AS the concentration increased, the VC rose to 70  and the combined 
was 70 with the flash at 10 microsiemens. Lower alkalinity would 
probably have improved the VC distillate but these readings were 
Within specifications. The Vc was shut doyn at 2040 hr. and its 
residue was blown down to the which continued to operate until 
2100 hr. The conductivity of the supernatant by dilution ratio was 
222,800 MS, on shutdown with an estimated residue of about 150 

the combined dropped from 150 to 40 microsiemens with 30 in the VC. 

gallons in the system. 

TEST NO. 4 ,  SeDtember 27 1990 

In order to attain still higher concentration some minor 
piping changes to the MEMS enabled us to drain the top two stages 
i n t o  the t h i r d  and fourth stage concentrate tanks. We rigged the 
second stage eductor to a separate tank so that we could still 
monitor distillate quality at higher concentrations in the fourth 
stage flash, 

12 
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t. 
The test  was continued a t  1200 hr. and the concentrate from 

the 2800 g a l l o n s  was dewatered do& t o  85.44 gal lons by 1500 hr. 
- a volume reduction of 32.75 t o  1. The next day Rob Farrell 
checked the c h l o r i d e  r a t i o  a t  22.57 t o  1. Some concentrate may 

have been lost i n  the transfer and we may have l o s t  some Chloride. 
The concentrate i n  the fourth stage,  again by d i l u t i o n  r a t i o ,  was 

390,000 microsiemens and i f  we use the 0.825 f a c t o r  we arrive a t  

320,000 ppm - a p r e t t y  good check. Also the r a t i o  of Test  No. 1 

feed w i t h  25.4 l b .  of chemicals added provided TDS of 1 8 9 8  and 
c o n d u c t i v i t y  of 2300 MS would extrapolate w i t h  144.2 l b .  f o r  t e s t  

3 t o  10,775 ppm and 13,057 microsiemens - by proportionating, we 

c a l c u l a t e d  13,600. If we average this a t  13,330 MS and r a t i o  it 
to 390,000 we have 29.25 - another good check 10,775 x 29.25 = 

315,000 ppm. It should be safe to assume the concentrate was in 
the range of  300,000 ppm based on 10,000 ppm feed. There was s t i l l  

no g r e a t  amount of precipitation and most important’ the supernatant 
was still pumpable. Table 2 lists the data recorded. 

c TEST NO. 5 ,  October 1 1990 

Since t h e  concentrate was s t i l l  pumpable we made some more 

p i p i n g  changes t o  al low operating only the fourth s t a g e  of the MEMs 
w i t h  t h e  a5 g a l l o n s  of concentrate i n  the 4th s t a g e  tank. We 
expected some dramatic r e s u l t s  t o  happen very quickly  so we did not 
bother w i t h  taking logs. The following data was c o l l e c t e d  while 

evaporating a t  a r a t e  of a b o u t 1 5  GPH. 

Conc. Cond. Dist. Cond. Dist. pH Conc. DH 
17 Ms 7.9 390,000 MS 
9 M s  9.1 7.3 587,000 MS 

S t a r t  

6.6 789,000 MS 21 Ms - 8 . 6  

F i n i s h  36 MS 8 . 5  6.6 1,055,000 MS 

t . .  
13 
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We were amazed how well the salts remained i n  solution or in 
fine suspension up t o  800,000 MS but  then the solution started t o  
p r e c i p i t a t e  and we had t o  shut down. The supernatant was 

proportioned t o  be about one m i l l i o n  microsiemens. The f i n a l  
volume was 20 gallons plus some l o s t  i n  transfer.  

Test NO. 4 provided the c r i t e r i a  f o r  immediately estimating 
r e s u l t s  

Safe operation a t  6 5 0 , 0 0 0  ppm 
M w b u m  obtainable 825,000.ppm 

Concentration Ratio w/10 , 000 ppm feed 
Safe a t  650,000 = 60 to 1 ppm 

10,775 

M a x i m u m  1 ,055,000 = 80 t o  1 cond..  
13,300 

c Weight Analysis:  The 20 gal lons of concentrate weighed 256 

pounds o r  a s p e c i f i c  g r a v i t y  of 1 . 5 .  Since 
142.2 lb.  of chemicals were added, the balance 
m u s t  be free  water and or  water of hydration. 
Weight wise the r a t i o  is 90 to 1. 

15 



CONCLUSIONS AND RF,COMMENDATIONS 

Supplementing the Executive suamary, it is reasonable to 
conclude the following from the tests provided the synthetic pond 
water closely approximates actual conditions. 

1. 

2. 

3 .  

4. 

5.  

Control of alkalinity is vital from the standpoint of 
acquiring high purity distillate and the elimination of 
alkaline scales such as calcium carbonate and magnesium 
hydroxide. EDTA is recommended at a rate of at least 6 lb. 
per 1000 gallons but this rate may be reduced with the use of 
polymers which will involve field testing to optimize minimum 
injection rate. 

If scaling or distillate impurity should occur the EDTA can 
be increased during operation. The second stage MEMS eductor 
w i l l  handle any gassing of C02 from the chemical reactions.. 

The EDTA evidently also aids in tying up the calcium and 
magnesium ions to prevent precipitation and allows 
concentration to proceed safety to as high as 60%. Further 
dewatering or drying can be accomplished with a pot dryer 
using additional heat from the engines by water washing the 
stack gases. If this is of interest please advise. 

It can also be concluded that should other sites involve high 
calcium content these t o o  can be handled but the concentration 
ratio may not be as high because of the lower solubility of 
calcium. Concentrate samples from test No. 2 has been saved 
for your chemical analysis, should you desire to investigate 
this furthsr. 

Modified test runs were made possible by eliminating the cost 
of needless chemical analysis. Simpler mechanical methods 

16 



that proved more. f o o l  proof were developed to CYU icklv 

determine the concentration ratios and distillate purity, 
Samples have been saved and we recommend that your own 
laboratory do any chemical analysis you may require. If so, 
please advise shipping instructions - al l  together the volume 
of samples and carcc*%s about 50 gallons. The concentrates 
in particular may prove valuable f o r  establishing cementing 
techniques , 

/-- 

17 
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LlCCN EVAPORATOR TEST REQUIREMEW 
VCSO in saies with Mems 204 

1. Test Time 
Four tests of 12 hours each, totaling 48 hours. These tests wiil be - 
run September 12 through September 14. ' 

2. Test Mode 
One test for each type of feed (Each type of feed must simulate the 
pond water of Pond 207A or Pond 2078 North or centre or South). Feed 

. rate for each test shall be- r b  Lz 2 . .  
Z.Zs& o*zs  TQ"' 

3. Sampling Frequency 
i \ .  A feed sample shall be collected at the beginning of each test, 

Composite samples of distillate and cancentrate stream shall be 
collected for each test and shall be made up by a series of four 
ounces sub-samples cdlected every 30 min. 

. .._ 

4. ' Sample Distribution P "+ *+e 
All sub-iamples shall be collected in a* jar large enough, to hold 

two equal parts. One part is for LlCONs analysis, the other part will ' 

be sent to Rocky Flats for references. All samples shall be placed in 
glass jars with teflon lined lids and cleariy labeled. 

.. (- ' 
r. - 

' 314 of a gallon in volume. Each cmposite sample shall be divided into. 

Samole tot at UCON Rockv Rats 
Feed 4 4 
Composite Distillate 4 4 
Composite Concentrate 4 4 

\ 

{ 

5. Process Readings 
Conductivity, temperature, pressure, power input and output, and 
flow rate of feed and discharge, shall be recorded every 30 min. while 
tests are being run. Test summary report shail indicate the lengih of 
time to start up each system, at what point steady state was 
achieved, and intermitten changes ai  flow rate. 

page 1 of 3 



6. Analysis 
Each sample taken from the feed, distillate, and concentration shall be 
analyzed for the following compounds. 

M 
AI kal i n i ty 
Carbonate 
Nitrate 
Sulfate 
TDS 
Calcium 

'Magnesium 
' Potassium 

Sodium 
PH 

(. TSS 

Distlliate 
Alkalinity 
Carbonate 
Nitrate 
Sulfate 
7DS 
Calcium 
Magnesium 
Po tassiu rn 
Sodium 
PH - 

C e m  - 
Carbonate 
Nitrate 
Sulfate 
TDS - 
Calcium 
Magnesium 
Potassium 
Sodium 
PH 
TSS 

7. Feed Stream Preparation 
Four types of waste water shall be prepared by UCON to simulate each 
of the four ponds at the Rocky Fiats Plant. The Feed Stream shall be 

'mixed continuousty for a minimum of 8 hours prior to test and shall be. 
mixed in'feed tank during the test 
Each feed stream shall be prepared as follows: 

l. ... 
< '  D 

, 

To tap water add the following chemicals in the amount shown. 

Chemicals 
. .  

t . 
Calcium Nitrate (Ca( N03)2*3H20)  

Mag n es i urn bicarbonate (Mg H C 0 3 )  

Potassium Chloride (KCI) 
Sodium Carbonate (NazC03*H20) 
Sodium Nitrate (NaNO3) 
Sodium Sulfite (Na2S04*7Hz0) 
Sodium Chloride (NaCI) 
P H .  . -  

I$S/lOOO Gals of Water 
Pond A BN BC BS 

2.71b 2.5 4.1 4.1 
251b . 7.5 .a 1.1 

4.1 1.1 9.1 10.5 , * 

.I * . 5.2 4.7 1.1 
4.2 10.4 16.8 8.7 
4.2 . 13.7 15.2 7.7 
- 4.8 - - 

1 0 - 1  1 10-11 10-11 10-11 

. .  
I. .. 
L 

All pH adjustments shall be made with sodium hydroxide or  hydrochloric 
acid. 

- 
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Disposal of waste water shall be the responsiblity of LICON. 

8. Deliverables f. 

Complete test equipment set up diagram and data form shall be 
delivered a minimum of 3 days prior to test for approval. 

Final report shall be delivered 3 working days following the 
completion of test activities. 

c" 
. -. 8. 

The final report shall ' include: 
1) brief system description 

.2) observations 

3) colIected data 
(Le. conductivity, temperature, pressure, and flow rate) 

. .  
4) analytical results 

5) conclusions 

9. Test Observations , 
. Rocky Flats personnel wiil observe at least one test start up and one 

test eo m p le tio n. 

! 

. .  
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PROCEDURE FOR TESTING POND WATER SIMULATION 

EMPLOYING LICON'S VC 90 AND MEMS 204 
AT ROCXY FLATS PER JOB ORDER 

TEST NO. 1 Pond A Water 1 7 - 8 / 8 3 3 3  x lo6 = 2136 ppm 

Run both p l a n t s  a t  design condi t ions ,  175-180.F  
suct ion  temperature i n  VC (T5)  and 180-185'F t o p  
temperature (T23)  when 1400 ga l lon  tank is empty - 
shut  down VC p l a n t -  Run MEMS u n t i l  VC s h e l l  and 
tank are drained and continue running MEMS until 
Flash Chambers and tanks 3 and 4 are a t  lowest level 
poss ib le .  Shut down MEMS and drain  a l l  res idue t o  
c o l l e c t o r  tank. 

Pond BC Water 5 1 - 4 / 8 3 3 3  x lo6 = 6168 ppm TEST NO. 2 

Same as above. 

Pond BS Water 3 3 - 2 / 8 3 3 3 .  x lo6 = 3984 ppm TEST NO. 3 

Same a s  above. 

Pond BN Water 4 5 - 2 / 8 3 3 3  x lo6 = 5424 ppm TEST NO. 4 

, Run same as T e s t  1 except  pump res idue i n  stages 1 
and 2 t o  tanks 3 and 4 .  

TEST NO. 5 Degree o f  Concentration Attainable  

Repipe MEMS t o  use c i t y  water as feed t o  s t a g e s  1 
and 2. S t a r t  MEMS using concentrate  from c o l l e c t o r  
tank t o  ,feed stage 3 tank and run u n t i l  
p r e c i p i t a t i o n  occurs  i n  either or both tanks ,  3 and 
4 .  

. .  
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SEPTEMBER 20, 1990 

ROCKY FLATS SyNTaETIC POND 'BC' WATER 
TEST N0.2, JOB 901 

Summarv of Test  Resul ts ,  Conclusion and Proiections 

The modifications t o  the  t e s t  procedure outlined i n  t h e  
previous r epor t  w e r e  helpful ,  enabling a smoother s t a r t  up as  
evidenced by the attached log sheets  taken 14 September 1990. T h e  
first disappointment w a s  the poor qual i ty  of the VC product w a t e r  
which ranged 40 t o  50 micro siemens during Test No.  1 w a s  now 
ranging as high as 600 a t  the  s tar t  and gradually dropped t o  350 
micro siemens. The na tura l  conclusion w a s  t o  condemn the new mesh. 

A more ser ious  s i t ua t ion  however w a s  developing w i t h  the MEMS- 
the rec i r cu la t ion  rate around the top two s tages  w a s  dropping 
r ap id ly  from 40 GPM t o  18 GPM i n  two hours of running. A sludge 
had been not iced forming i n  the first test  and was forming much 
more rap id ly  i n  this test ,  T h e  n a t u r a l  assumption w a s  t h a t  this 
sludge w a s  blocking the tubes in  the heater. A shut  down became 
necessary a f t e r  the 1100 reading. 

When t h e  hea te r  bundle w a s  removed, w e  found a very heavy 
depos i t  of scale which w a s  e f f ec t ive ly  removed by flooding the 
bayonet tubes with d i l u t e  The react ion generated a l a r g e  
amount of f ro th ing  indicated the release of C 0 2  and ident i fying 
calcium carbonate - an a lka l ine  scale common i n  sea water 
evaporators and e a s i l y  control led by acid inject ion-  

' Since there w a s  s t i l l  600 gal lons i n  the storage tank w e  
decided t o  try acid inject ion.  Fortunately w e  did no have enough 
HC1 but  w e  d id  have a considerable quant i ty  of EDTA (HAMP-ENE ACID)  
which should t i e  up t h e  calcium, W e  calculated w e  would need 8 lb, 
t o  t r e a t  1000 gal lons.  

5% H C 1 .  

The next day w e  added 4.8  lb of t h i s  acid to t he  remaining 600 
gal lons;  4.6 02.  i n  t h e  VC tank; 1.0 lb. t o  the 3rd s tage MEMS tank 
and 0.6 lb. i n  the 4th stage tank. The milky solut ion i n  all tanks 
became c r y s t a l  clear w i t h  addi t ion of the EDTA. T e s t  No. 2 w a s  
r e s t a r t e d  a t  0738 September 15 ,  1990 and w e  soon became aware that  
the d i s t i l l a t e  conductance was f a l l i n g  rapidly from a low of 350 
micro siemens a t  t h e  end of t h e  previous aborted run. When the VC 
got  Up t o  operat ing temperatures and capacity a t  0830 the sample 
pot w a s  down t o  3 3  micro siemen and the  tank, 1 0 8  micro siemen --' 

by 1030 8 and 1 0 .  W e  actual ly  recorded as low as 5 i n  the VC pot 
and 6.3 i n  t he  VC tank a t  shut-down 1320.  The s l i g h t  amount of 
Scale t h a t  had formed on the tubes of the VC. dissolved as d id  scale 
on the s h e l l .  

2442 Executive Plaza P.O. BOX 10717 Pensacola, FL 32524 904 / 477-0334 FAX 477-7234 
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! The pH o f  the feed ranged a t  start from 3.3  r i s i n g  t o  4 . 4  a t  

1230.  The pH o f  the VC d i s t i l l a t e  averaged about 4 due t o  C 0 2  p i c k  
up from the breakdown of the HC03 t o  C02 w i t h  acid i n j e c t i o n .  the 
d i s t i l l a t e  from the f o u r t h  stage f lash sample pot  i n  the eductor 
s u c t i o n  ranged from 20 t o  35  micro siemens and its pH was a l k a l i n e  
ranging  from 8.7 t o  9 .2  s i n c e  a l l  of the C02 had been stripped i n  
the VC. 

The first r e s u l t s  from Pioneer  Laboratory indica ted  that t h e  
VC t a n k  precipitate was p r i n c i p a l l y  calcium carbonate  and s i n c e  w e  
already suspected the scale i n  the heater bundle was calcium 
c a r b o n a t e  w e  wondered where a l l  t h e  calcium was coming from? A 
check o f  the remaining chemicals soon established that a mistake 
had been made i n  that calcium n i t r a t e  and the sodium nitrate . 
q u a n t i t i e s  had been reversed 53.2 lb. v s  3 . 5  l b .  T h i s  tes t  is 
t h e r e f o r e  invalidated but  it c e r t a i n l y  taught  us some valuable  
l e s s o n s  about the chemistry, p a r t i c u l a r l y  the effect o f  a l k a l i n i t y  
on water pur i ty .  It also revealed t h a t  w e  could a t t a i n  the desired 
c o n c e n t r a t i o n  r a t i o  under t h e  most adverse condi t ions .  Because o f  
the f i n i t e  feed w e  employed the technic of opera t ing  the MEMS u n i t  
w i t h  c i t y  water i n  the upper stages - i n  this case the three t o p  
stages and modi f i ca t ions  i n  the f o u r t h  stage concentrate tank 
permitted the r e s i d u e  t o  b e  reduced t o  46 g a l l o n s ,  o r  w i t h  two 
Stages as i n  T e s t  No. 1 t o  104  ga l lons .  By simple arithmetic if 
we wanted t o  a t t a i n  say 360 ,000  ppm from 1 2 , 0 0 0  ppm feed we would 
need a supply o f  104 x 360,000/12 ,000  = 3120 g a l l o n s  based on f i n a l  
two stage operat ion ;  and 46 x 360,000/12 ,000  = 1380 gal lon o f  feed 
s t o c k  based on 46  g a l l o n s  of res idue  and s i n g l e  stage operation. 

. Now that w e  have t o  repeat t h e  t e s t  it would behoove us t o  mix 
up the chemicals  previously  l i s t e d  i n t o  both tanks  (2800 g a l l o n s ) .  
A t  s t a r t - u p ,  both t h e  VC and t h e  MEMS should be fed i n  p a r a l l e l  f o r  
the f irst  two hours, a t  which time t h e  Vc w i l l  have s tabi l ized a t  
about  24,000 ppm i.e. 

At start  up t h e  VC has 150 g a l l o n s  o f  12 ,000  ppm solut ion i n  
t h e  system and i n  t h e  first two hours w i l l  evaporate about 3/4 
its normal rate o f  100 GPH o r  1 5 0  g a l l o n s  so  300 gallons o f  
feed w i l l  be reduced t o  150 ga l lons  a t  twice t h e  feed 
concentra t ion .  From here on t h e  tido p l a n t s  w i l l  be fed i n  
series a t  a rate of about 150 GPH; with t h e  VC evaporating 90 
GPPH t h e  c o n c e n t r a t e  w i l l  then stabilize a t  30 ,000  ppm, and 
remain a t  t h i s  concentrat ion for the balance  o f  the t e s t  
blowing down t h e  60  GPH and 3 0 , 0 0 0  ppm t o  t h e  MEMS. 

After operat ing  t o  r'educe t h e  2800  g a l l o n s  t o  400 g a l l o n s  
r e s i d u e  i n  2400/150 = 1 6  hr. t h e  Vc must be shut  down and the MEMS 
must cont inue t o  operate  u n t i l  t h e  150 ga l lons  (about 2 h r . )  f r o m  
the VC is evaporated and t h e n  the concentra te  o f  t h e  MEMS res idue.  
(250  g a l l o n s )  w i l l  average 1 3 4 , 4 0 0  ppm. The MEMS must then be  shut  
down and the top t w o  stages drained t o  t h e  t h i r d  and fourth stage 
tanks. Operation can then continue u n t i l  t h e  res idue  in the two 
tanks and both stages are reduced t o  104  g a l l o n s  ( t h e  minimum t o  

. 
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keep pumps operating) and then the residue w i l l  average 323,000 
ppm. If further concentration appears possible then the MEMS can 
be shut down again: the t h i r d  stage and tank drained t o  fourth 
s t a g e  tank. The third stage can be rigged t o  operate on city  water 
and t h e  t e s t  continued down t o  46 gallons where massive 
p r e c i p i t a t i o n  should occur. 

I n  summary we would l i k e  t o  r e i t e r a t e  t h a t  this type o f  
t e s t i n g  is n o t  R & D as we understand i s  the interpretation a t  R.F. 
Feed stocks v a r y  so widely a t  d i f f e r e n t  s i t e s  t h a t  Licon makes 
t h e i r  t e s t  units a v a i l a b l e  to the potential  customer so t h a t  t h e  
chemistry can be analyzed before f i e l d  t e s t i n g .  Field  t e s t i n g  is  
s t i l l  necessary i f  the feed stock varies  but these shop t e s t  
provide v a l u a b l e  data for quickly  optimizing the pretreatment 
necessary t o  get  the b e s t  q u a l i t y  of d i s t i l l a t e  and the m a x i m u m  
concentration r a t i o .  The adjustments t h a t  had t o  made t o  the 
plants  were made purely t o  g e t  m a x i m u m  data from limited feed s t o c k  
s i n c e  we w i l l  have t o  store the sludge and probably dry it to 
dispose of it. 

. .  
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1 LICON TRANSVli? 150 
LOG SHEET ON ROCXY PLATS POND W A F  TESTS y /' 



LOG SHEET FOR WATER SAMPLES 

JOB ORDER 901 

CONC 18. $4 I 
pH PEED”‘f ’7.7 7.7 y,? 9.7 ?*7 y.7 9.7 ?,7 

D I S T . ~ ~  b.0 55 g.0 59 6,s‘ 4.3 
CONC.4h f. I 7, f I 7.8 7,7 7 3  7 J  7,7 i 

POND B(: , 

COMDUC;~IVITY FEED 

DIST. 
CONC. I I I 

pH FEED I 
* CONC. , 1 

1 I 

. . DIST. 

t 
POND BS I I 

CONDUCTIVITY PEED I* 
D I S T .  I 
CONC . 

pH FEED 1 I I I 
D I S T .  I I I 
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I I 1 
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